Background. Studies have shown an independent association between poor self-rated health (SRH) and increased mortality. Few studies, however, have investigated any possible impact on SRH of diagnostic labelling. Objective. To test whether SRH differed in persons with known and unknown hypothyroidism, diabetes mellitus (DM) or hypertension, opposed to persons without these conditions, after 11-year follow-up. Methods. Prospective population-based cohort study in North-Trøndelag County, Norway, HUNT2 (1995-97) to HUNT3 (2006. All inhabitants aged 20 years and older were invited. The response rate was 69.5% in HUNT2 and 54.1% in HUNT3. In total, 34 144 persons aged 20-70 years were included in the study population. The outcome was poor SRH. Results. Persons with known disease had an increased odds ratio (OR) to report poor SRH at follow-up; figures ranging from 1.11 (0.68-1.79) to 2.52 (1.46-4.34) (men with hypothyroidism kept out owing to too few numbers). However, in persons not reporting, but having laboratory results indicating these diseases (unknown disease), no corresponding associations with SRH were found. Contrary, the OR for poor SRH in women with unknown hypothyroidism and unknown hypertension was 0.64 (0.38-1.06) and 0.89 (0.79-1.01), respectively. Conclusions. Awareness opposed to ignorance of hypothyroidism, DM and hypertension seemed to be associated with poor perceived health, suggesting that diagnostic labelling could have a negative effect on SRH. This relationship needs to be tested more thoroughly in future research but should be kept in mind regarding the benefits of early diagnosing of diseases.
Introduction
A person's perception of own health is a valuable health measure (1, 2) . Although not uniquely conceptualized, self-rated health (SRH) is found to be associated with several aspects of life (3); functional disability, psychological factors, various socioeconomic factors as well as morbidity and mortality (4) (5) (6) (7) . However, whether SRH is affected by focus on elevated disease risk or by awareness of asymptomatic disease has been sparsely investigated.
Lowering of diagnostic cut-offs are regularly discussed by 'Task forces' for many chronic conditions, and for risk factors gradual lowering of cut-offs already has been implemented. As a consequence, the European guidelines for handling risk for fatal cardiovascular disease label almost the total population as 'at risk' (8) .
Prevention of disease implies early behavioural and medical assessments, but it can also imply unnecessary risk detection and early diagnostics without necessarily improving disease prognosis. In academic medicine, themes such as 'too much medicine' and 'overdiagnosis' are increasingly discussed (9, 10) . However, among health care politicians, people's reluctance to consult health care seems to be of greater concern than the potential problems of overdiagnosis.
Except for arterial hypertension (11) (12) (13) (14) , adverse effects of labelling of disease have been sparsely explored. Interestingly, one study showed increased mortality among participants made aware of their chronic kidney disease, relative to the unaware participants, also after adjustments for disease severity (15) .
In a cross-sectional study, we recently reported known hypothyroidism, diabetes mellitus (DM) and hypertension to be independently associated with poor SRH, without corresponding association between unknown or probable disease and poor SRH (16) . As crosssectional design hinders evaluation of causation, in this study, we aimed to study if SRH was influenced by awareness versus ignorance of disease in persons with probable hypothyroidism, DM or hypertension at 11-year follow-up.
Methods

Study population
All adult inhabitants aged 20 years and older have been invited to three surveys of the Nord-Trøndelag Health Study (HUNT); this study includes data from HUNT2 (1995-97) and HUNT3 (2006-08) (17, 18) . All together 65 237 participants (69.5% of the invited) and 50 807 (54.1%) completed health-related questionnaires, inter alia on SRH, thyroid diseases, DM and hypertension in HUNT2 and HUNT3, respectively. According to the HUNT2 study protocol, thyroid-stimulating hormone (TSH) was measured in all women and in a 50% random sample of men aged 40 years and older, whilst in HUNT3, TSH was measured in all participants. Blood pressure (BP), non-fasting serum glucose, height and weight were measured in all participants.
Among 37 071 persons having participated in both surveys, we excluded persons with baseline age >70 years (1849), owing to loss to follow-up, and persons with missing data on SRH at follow-up (1078), leaving 34 144 persons aged 20-70 years in the overall study population (Fig. 1) . Median follow-up time was 11.1 years (range 10.8-11.7).
Self-rated health
In the main questionnaires (both at baseline and follow-up), the first question answered before attending the examination stations was 'How is your health at the moment?'. The question with four answer alternatives used in the HUNT Study is widely used internationally, in order to get answers either in positive or negative direction: 'poor', 'not so good', 'good' and 'very good' (19) . We dichotomized the answer alternatives into poor or good.
Diseases
Diseases under study were categorized according to self-report and measurements at baseline and follow-up into disease category A, B, C, D and E (Table 1) . HUNT 2 (1995- At both surveys, the participants answered questions on history of hypothyroidism and hyperthyroidism.
Of the overall study population, 14 335 persons had valid measurements and self-reported data on thyroid function (Fig. 1) .
No hypothyroidism (A) included participants with negative answers on the thyroid-related questions, and having TSH and FT4 within reference range at baseline and follow-up. Unknown hypothyroidism (B) included participants with negative answers on the thyroid-related questions at baseline and follow-up, but with TSH above and FT4 either below or within (subclinical hypothyroidism) the reference range either at baseline and follow-up or at followup only. Participants with self-reported history of hypothyroidism at baseline or follow-up were assigned to the corresponding known hypothyroidism categories (C-E), see Table 1 . Our definitions of subclinical hypothyroidism and hypothyroidism are commonly accepted in clinical practice (http://bestpractice.bmj.com).
Diabetes mellitus
The participants answered questions on history of DM and had nonfasting serum glucose measured between 10 a.m. and 6 p.m., at baseline and follow-up (17) .
Few well-designed studies have validated the usefulness of non-fasting serum glucose as a test for DM. However, Engelgau et al. (21) found sensitivity between 68% and 74% and specificity between 66% and 77% when setting the non-fasting serum glucose cut-off at 5.6 mmol/l, depending on age. Further, small differences in serum glucose levels have been found between fasting and non-fasting individuals (22) . In our study population, 40% had measured serum glucose 2 hours or more after their last meal, whereas only 4% had measured serum glucose 4 hours or more after the last meal. To balance higher specificity of the DM classification on the expense of statistical power, we chose to include participants fasting 2 hours or more. Of these, 12 343 had valid DM self-reported data, thus were eligible for inclusion (Fig. 1) . Self-reported DM has been validated previously in this population (23) .
No DM (A) included participants denying having DM and having glucose below the cut-off level at baseline and follow-up. Unknown DM (B) included those denying DM but having glucose on or above cut-off at either baseline and follow-up or follow-up only. Participants with affirmative answer of DM at baseline or follow-up were assigned to the corresponding known DM categories (C-E), see Table 1 .
Hypertension
At baseline, participants were asked about the doctor's clinical advice after the latest BP measurement prior to participation in HUNT. The answer categories were 'no follow-up and no medication necessary', 'recommended follow-up examination but not to take medicine', 'start or continue taking medicine for high BP' or 'never measured'. Standardized BP measurements were performed and mean systolic and mean diastolic arterial BP of measurement two and three were used as BP measures. Cut-off values defining hypertension were made according to the European society of hypertension's definitions; systolic BP ≥ 140 mmHg and/or diastolic BP ≥ 90 mmHg.
At follow-up, the participants were not asked about the doctor's advice, rather; whether they had started on BP-lowering medication or not. The measurements were similar. Of the overall study population, 30 788 had valid data on BP self-reports and measurements and included in the hypertension part of the study (Fig. 1) .
No hypertension (A) included participants reporting 'no followup-or never measured' on baseline BP questions, with normal systolic and diastolic BP both at baseline and follow-up, and not being on BP-lowering medication at follow-up. Similar self-reports, but elevated BP at both surveys or at follow-up only, were categorized as unknown hypertension (B), whereas participants reporting otherwise were included in known hypertension categories (C-E), see Table 1 .
Statistical analyses
Descriptive analyses of the baseline characteristics were stratified by gender and by baseline to follow-up disease categories (A-E). We used gender-stratified, logistic regression models to estimate age and multiple adjusted odds ratios (OR) with 95% confidence intervals for poor SRH at follow-up, by categories of hypothyroidism, DM and hypertension. A priori selected confounders identified by directed acyclic graphs were baseline SRH, age, body mass index (BMI), smoking habits, educational status, self-esteem and limiting longterm illness or injury. Owing to a non-linear relationship with SRH, age was categorized as 20-36 years, 37-53 years and 54-70 years. . Smoking status was dichotomized as daily smokers (current smoker at follow-up) and nondaily smokers (never smokers, former smokers and occasional smokers). We categorized educational level into higher education (>12 years) or not. The four-item version of the Rosenberg Self-esteem scale (consisting of question number 10, 2, 5 and 7 in the full version) used in the HUNT surveys has been validated by Tambs (24) . The sum score was categorized into high (7) (8) (9) (10) (11) (12) and low (0-6) self-esteem. Participants reporting limiting long-term illness or injury (question: 'Do you suffer from any long-term illness or injury (at least 1 year) of a physical or psychological nature that impairs your functioning in your everyday life?') were categorized as 'prevalent' otherwise 'absent'. Within each disease category, median age in years and BMI in kilograms per metre square with iqr and proportions in percentage of daily smokers, participants with higher education, low self-esteem, long-term limiting illness or injury and baseline SRH good are reported. iqr, interquartile range.
We tested for statistical interaction between independent variables on the outcome by Wald tests.
The statistical significance level was set at P < 0.05, except for interaction analyses: P < 0.10.
All analyses were performed with IBM SPSS Statistics version 21 for windows.
Results
Persons without disease tended to be younger and fewer reported limiting long-term illness or injury, compared to persons with known disease at any time (Table 2) . We found the overall proportion of women reporting poor SRH at follow-up to be slightly higher (5.4%) than in men ( Table 3 ). The proportion reporting poor SRH increased by age and was higher among persons with lower education, among daily smokers and among persons with low self-esteem. Also, poor SRH was more frequent among underweight, overweight and obese than among normal weight participants. In persons with long-term illness, the proportion with poor SRH was more than 2-fold higher than among persons without long-term illness/injury. SRH at baseline and follow-up was consistent for the majority, but more women than men reported deteriorated subjective health.
Hypothyroidism
Poor SRH was less frequently reported by both men and women with unknown hypothyroidism compared with other classification categories, including the euthyroid persons (category A/reference) ( Table 4) . On the other side, among women we found a strong and positive association between categories C-E and poor SRH, compared with euthyroid women, also after adjustments including baseline SRH. In men, the associations were similarly positive for categories B-D, however, not at a statistically significant level. Men with known hypothyroidism at baseline had a lower OR to report poor SRH at follow-up.
Diabetes mellitus
Adjusted for age and other factors according to Table 4 , there was virtually no difference in the frequency of reporting poor SRH between persons with unknown DM at follow-up (category B) and persons without the disease (category A). Persons with known DM (categories C-E) were however more likely to report poor SRH at follow-up, compared with persons without DM ( Table 4 ).
Hypertension
Women with unknown hypertension were less likely to report poor SRH compared to normotensive women, whereas no difference was found in men between these categories (Table 4 ). Compared to the same reference group, persons with known hypertension (categories C-E) were more likely to report poor SRH at follow-up.
Discussion
In this large-scale, prospective, population-based study, we found that persons with known hypothyroidism, DM or hypertension were more likely to report poor SRH at 11-year follow-up, compared to healthy persons. The exception was men with known hypothyroidism at baseline. Contrary, persons with unknown hypothyroidism, DM and hypertension throughout follow-up did not report poor SRH more frequently; in fact, those with unknown hypothyroidism and women with unknown hypertension reported poor SRH less frequently than healthy persons.
Cross-sectional studies have shown an association between disease labelling and the outcomes sense of well-being, psychological distress and poor SRH, all in accordance with our findings (12) (13) (14) 16) . Such associations could have been influenced by residual confounding by different personality traits in groups being compared (25) . In the present study, however, persons with previously unknown disease were more likely to report poor SRH when they had become diagnosed with hypothyroidism, DM or hypertension, indicating that the disease labelling was the main factor.
To our knowledge, no prior studies have analysed the association between disease awareness/unawareness and SRH in a longitudinal design. Latham and Peek showed a predictive effect of SRH on incident self-reported morbidity; healthy persons with fair or poor SRH at baseline had an increased risk of incident self-reported morbidity at subsequent 2-year interval in 16 years of follow-up (7). Notably, they did not include unknown disease in their investigations.
The associations we found between baseline covariates and baseline SRH are in accordance with previous research (3, 26) . As expected, baseline poor SRH and prevalent long-term illness showed a strong association with poor SRH at follow-up. However, these covariates did not have a substantial impact on the relationship between disease statuses and follow-up SRH when included in the regression models. The distribution of SRH at follow-up seems comparable to what has been observed in other European studies (27) (28) (29) . The prevalence of hypothyroidism, DM and hypertension, based on self-report, varies somewhat between studies and is found to underestimate the measured prevalence of DM and hypertension (30) (31) (32) . In our study, the prevalence of baseline known DM was low; however, by inclusion of participants >70 years, the overall self-reported prevalence was 3.2% (data not shown). This is comparable with other studies and with figures in the WHO Health for All database, and indicating a strong correlation between DM and age. The prevalence at followup (5.2%, not shown) is further supporting this correlation.
We expect poor SRH to be related to increased health care utilization (2), which in turn should be related to the risk of getting a diagnosis of hypothyroidism, DM or hypertension, by opportunistic screening mechanisms. By such, poor SRH at follow-up could be explained, at least partly, by personality profile, other chronic diseases and baseline SRH even in persons with known hypothyroidism, DM or hypertension. However, adjusting for self-esteem, long-term illness and baseline SRH did not substantially change our estimates.
Theoretically, confounding by disease severity could influence our results. However, hypothyroidism, DM (mainly type 2 in this age group) and hypertension are easily treated and most often considered non-severe and non-symptomatic or low symptomatic conditions since they tend to be diagnosed in a presymptomatic stage nowadays.
We could expect treatment of disease to increase SRH; however, the evidence is conflicting for DM and hypertension (33) (34) (35) . The relationship is not straightforward; medically treated persons are likely to have more severe disease and to be exposed for side effects of medication, counteracting any positive effect on SRH. Any impact of treatment of disease on SRH is therefore difficult to predict. Not treating hypothyroidism with thyroxin supplement would be considered unethical, and we expect it to increase SRH in hypothyroid persons.
The definitions of DM and hypertension used in the present study could be questioned. As only non-fasting serum glucose was measured, some persons with false DM might be included as unknown DM. The relatively high numbers in DM category B could be indicative of this problem. This should weaken any association between poor SRH and unknown DM. Some persons categorized as having unknown hypertension could have knowledge about their hypertension, even though they have not yet been prescribed antihypertensive medication. As hypertension labelling has been found to be associated with poor SRH (14) , this misclassification should also weaken potential associations. Further, according to our definition, persons in the known hypertension categories are the only ones exposed for possible side effects of BP-lowering medication, which could contribute to poor SRH, as reported.
Lastly, residual confounding by disease severity could explain differences between categories, but control of this would demand randomized controlled trials; in this setting, an unethical study design.
In our view, the strengths of our study were its population-based prospective cohort design with a large number of participants. As part of a broad health survey, the participants were not aware of the specific research hypotheses, which should limit reporting bias.
Despite our findings, the clinical implications should not include less focus on diagnosing persons that could benefit from being diagnosed with thyroid disease, DM and hypertension at an early stage. It seems, however, reasonable that physicians emphasize a salutary strategy when communicating risks or diagnoses, with the aim not to reduce a persons' health perception. Wennberg et al. (36) found SRH to be independently associated with mortality in persons with DM and advocated a more detailed consultation and intensified support in such patients. Others have found a similar relation with hypertension and emphasize the importance of taking patients health rating into account (37, 38) . Exploration of what lies behind any poor SRH in the individual patient should be encouraged among physicians.
In conclusion, our data indicate that diagnostic labelling could harm perceived health. This possible relationship needs to be empirically demonstrated by future research, but as perceived health is related to morbidity, and even mortality, we should emphasize a salutary attitude also in early diagnostics.
